increases the efficacy of disease control methods. Generally, inoculum monitoring is 76 achieved through spore traps and identification of Stemphylium species relies on 77 morphological and developmental characters such as variation in conidia, conidiophore 78 and ascospore morphology (Simmons 1969) . However, many of these characters 79 overlap among species in the genus, making it difficult to distinguish S. vesicarium 80 from other Stemphylium species. 81
Phylogenetic studies based on analysis of the nuclear internal transcribed spacer (ITS), 82 mitochondrial small subunit (mtSSU) and gene encoding glyceraldehyde-3-phosphate 83 dehydrogenase (gpd) have inferred phylogenetic relationship among species in the 84 genus Stemphylium and morphological and phylogenetic concordance in species 85 delimitation (Câmara et al. 2002 , Pryor and Bigelow 2003 , Kodsueb et al. 2006 incidence and severity (diameter of necrotic area in mm) were recorded at the end of the 151 incubation time. An isolate was considered pathogenic when progressive necrosis was 152 observed surrounding the inoculation point and mean severity values were higher than 153 2.5 mm diameter. 154 155 DNA extraction, PCR amplification and sequencing 156
Monosporic stock cultures of each isolate were grown in 50 ml of potato dextrose broth 157 in 250 ml Erlenmeyer flasks on an orbital shaker (150 rpm) at room temperature for 10 158 days. Mycelial mats from cultures were collected by filtration, transferred to sterile 159 plastic Petri dishes and frozen at -80 ºC (Ultra-Low Temperature Freezer, MDF-160 U5186S, Sanyo, Japan). After drying, overnight samples were lyophilized 161 (Freezemobile 12SE, the Virtis Company, NY) and ground (25-50 mg) in liquid 162 nitrogen using a mortar and pestle. DNA was extracted from the powered tissue using a 163 DNeasy TM Plant Mini Kit (QIAGEN) according to the manufacturer's instructions. 164 DNA extracts were quantified with a spectrophotometer (Nanodrop ND-1000, UV-Vis 165 Spectrophotometer, Thermo Fisher Scientific, USA) and samples were stored at -20 ºC. 166
Sequences of the internal transcribed spacer ITS1, 5.8S and ITS2 regions of the nuclear 167 ribosomal DNA (rDNA) were amplified using primers ITS1F (Gardes and Bruns 1993) 168 and ITS4 (White et al. 1990 ). Sequences of gpd gene were amplified using primers 169 GPD1 and GPD2 (Berbee et al. 1999) . 50 µl PCR mixture for each PCR amplification 170 contained PCR Buffer 1X, MgCl 2 2 mM, dNTP's 0.4 mM, 0.4 µM of each primers 171 ITS1F and ITS4 (ITS) or GPD1 and GPD2 (gpd), 2 U Invitrogen Taq Polymerase and 5 172 µl of DNA (10-50 ng). Amplifications were performed for 35 cycles with an initial 3 173 min at 94 ºC for denaturation and a final 10 min at 72 ºC for the extension with a s at 94 ºC, 1 min at 57 ºC and 1.5 min at 72 ºC. Successful amplification was checked 176 by electrophoresis of a 8-µl aliquot of the reaction mixture in a 1.2% w/v agarose gel 177 that was stained with etidium bromide and viewed by UV-illumination. PCR products 178 were purified using a QIAquick PCR Purification kit (Qiagen GmbH, Hilden, Germany) 179 according to the instructions of the manufacturer. Sequencing of the purified PCR 180 amplification products was done in both directions using the same primers as for the 181 amplification, with the BigDye™ Terminator Cycle Sequencing system (v3.1 PeE kit, 182
Applied Biosystems), using an ABI PRISM™ 310 DNA Sequencer (Applied 183 Biosystems). 184 185
Phylogenetic analyses 186
Sequences were edited using Chromas 2.33 (Technelysium Pty. Ltd.). Alignments were 187 manually inspected for ambiguities and adjustments were made when necessary by 188 using BioEdit v7.0.9 (Hall 1999) and ClustalW (Thompson et al. 1994) . In order to 189 compare Stemphylium isolates used in this study with closely related species, sequences 190 obtained from each isolate were combined with sequences obtained from GenBank, 191 derived from ex-type cultures of 22 named species analyzed in previous phylogenetic 192 studies (Câmara et al. 2002; Inderbitzin et al. 2009) (Table 2) . Alternaria alternata 193 (DQ323699 and AY278808, for ITS and gpd sequences, respectively) was used as the 194 outgroup. Phylogenetic analyses were conducted in MEGA5 (Tamura et al. 2011) . The 195 neighbor-joining (NJ) and the maximum parsimony (MP) methods of phylogenetic 196 inference were used for construction of the phylogenetic trees. In the NJ analyses, all 197 characters were weighted equally, and the Kimura 2-parameter distance calculation 198 method was used. In the MP analysis trees were inferred by using the heuristic search 199 option with tree bisection reconnection (TBR) algorithm and search level 2 in which the Puig et al. 9 initial trees were obtained by the random addition of sequences (100 replicates). Branch 201 length was calculated using the average pathway method. In both analyses the topology 202 was tested with 1000 bootstrap trials. Concordance between datasets was evaluated with 203 the partition-homogeneity test implemented in PAUP phylogenetic software (version 4, 204 Sinauer Associates Inc., Sunderland, Massachusetts). The combined analysis was run 205 using the parameters described above. Alignments were submitted to TreeBASE as 206 S14571. 207 208
3.
Results 209 210
Morphological and pathogenic analysis 211
Growth on tomato agar of field isolates and reference strains of Stemphylium species 212 was slow, reaching 90 mm diameter after 10 days incubation at 22.5 ºC. A teleomorph 213 was observed at the end of incubation period in cultures of all field isolates. Colony and 214 conidial morphology and dimensions are listed in Table 1 . Mean conidial length 215 (28.7±5.8 µm), width (15.3 ±4.2 µm) and ratio (1.9±0.4) of field isolates, except for 216 EPS45, were included into the range described for S. vesicarium. Conidium size in 217 EPS45 was intermediate between S. botryosum and S. vesicarium (Simmons 1967 (Simmons , 218 1969 , and the l/w ratio (1.40 µm) was smaller than that of S. vesicarium ex-type strains 219 ATCC18521 and CBS311.92, and similar to that of S. botryosum type strain CBS 220 714.68 (Table 1) . Despite this, analysis of variance indicated that conidial dimensions of 221 all field isolates were not significantly different (P>0.1), and they could be assigned to 222 S. vesicarium. Regarding colony traits and conidial morphology, field isolates were 223 distributed into three different morphological groups ( Stemphylium formed a well-supported clade in parsimony analyses of the ITS region 279 and gpd gene with bootstrap values of 100%. ITS and gpd trees were similar to those 280 reported in previous studies using these loci (Câmara et al. 2002, Inderbitzin et al. 281 2009); more subgroups were supported in the gpd tree than in the tree constructed from 282 the ITS data (data not shown). The partition homogeneity test of the combined ITS and 283 gpd alignment revealed that the data were not significantly disconcordant (P=0.12), 284 therefore NJ and MP analyses were conducted on the combined dataset. Maximum-285 parsimony analysis of combined ITS and gpd dataset yielded 20 most-parsimonious 286 trees (296 steps, CI=0.770, RI= 0.792, RCI=0.610), one of which is shown (Fig. 1) . 287
The two loci resolved a monophyletic Stemphylium with seven well-supported groups 288 (> 73% bootstrap), five of which corresponded to previously established A-C and E-F 289 groups (Câmara et al. 2002 , Inderbitzin et al. 2009 ). Group D, defined by S. callistephi 290 and S. solani according to Câmara et al. (2002) , formed a grade. These two species did 291 not cluster together and were resolved separately from the other Stemphylium species 292 (100% and 68% bootstrap, respectively), as reported previously (Wang et al. 2010) 293 (Fig. 1) . The phylogeny for the combined sequences resembled that of the individual 294 gpd dataset, in which S. vesicarium, S. herbarum, S. alfalfae, S. tomatonis and S. 295 sedicola clustered together in clade C and S. gracilariae, S. majusculum and 296 S.gigaspora clustered in separated subgroups in this clade. 297
The analysis has provided an overview of relationships among the 37 isolates sequenced 298 in this study. Field isolates were nested in two of the clades designated by Câmara et al. 299 (2002) (Fig. 1 ). Most isolates, (N=35) clustered in group C, represented by the largest in the monophyletic group E. Species assignment of these two isolates based on 308 molecular data was not feasible. Finally, the ex-type strains sequenced in this study 309 clustered in the corresponding species-group (Fig. 1) . 310 311
Discussion 312
Previously reported descriptions and molecular analysis of Stemphylium species were 313 carried out with isolates recovered from lesions in host plant species (Metha 2001 , 314 Inderbitzin et al. 2009 , Câmara, et al. 2002 , Köhl et al. 2009 , Wang et al. 2010 . In our 315 work, epiphytic, saprophytic and aerial inoculum was also analyzed, thus revealing the 316 difficulty in assigning isolates of Stemphylium to a species based exclusively on 317 morphological or molecular data. However, combined molecular and morphological 318 analyses permitted unambiguous identification of most isolates at the species level. 319
Although morphological analysis indicated that three groups of isolates could be 320 recognized based on culture growth and colony morphology, all isolates were attributed 321 to S. vesicarium according to conidial dimensions and septation pattern described by 322
Simmons (1969) . These results reveal that identification of Stemphylium species based 323 exclusively on conidial size can lead to misidentification of species, mainly for those 324 where dimensions overlap, as occurred in nine out of thirty-seven isolates. In fact, additional morphological characters based on conidiophore or culture traits have been 326 included in the taxonomy of Stemphylium species to provide complementary 327 information for proper identification (Simmons, 1967 (Simmons, , 1969 (Simmons, , 2001 (Simmons, , 2004 . (1967, 1969, 1985, 2001, 2004) Figure(s) 
